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The weak mixing angle has been measured from the charge asymmetry of hadronic events with two different approaches u ing 
the DELPHI detector at LEP. Both methods are based on a momentum-weighted charge sum to determine the jet charge in both 
event hemispheres. In a data sample of 247300 multihadronic Z° decays a charge asymmetry of (QF) - (Qa)= 
- 0.0076 + 0.0012 (star.) + 0.0005 (exp. syst. ) _+ 0.0014 (frag.) and a raw forward-backward asymmetry of A [~ = - 0.0109 + 
0.0020 (stat.) + 0.0010 (exp. syst. ) + 0.0017 (frag.) have been measured. This result corresponds toa value of sin 20¢ff= 0.2345 + 
• __ 2 2 q.  0.0030(exp.)+0.0027(frag.), sin20~MS=02341+0.0030(exp.)+0.0027(frag.) and to sin20w=l-mw/mz=0.2299_ 
0.0030 (exp.) + 0.0027 (frag.) + 0.0028 (theor.). The experimental error is the quadratic sum of the statistical nd the experimen- 
tal systematic error and the theoretical error originates from a value of mt= 130 _+ 40 GeV/c 2 and a range of rnn from 45 GeV/c 2 
to 1000 GeV/c 2. 
1.  In t roduct ion  
The standard model of  electroweak interactions 
predicts a forward-backward asymmetry in e+e -
collisions near the Z ° peak which depends on the weak 
vector and axial-vector couplings of  the Z ° boson to 
fermion-ant i fermion pairs. 
The differential e+e - cross-section i to a fermion 
pair ff, where f means g, x, u, d, c, s, b can be ex- 
pressed in the Born approximation as 
daf 
d cos 0 
=a'~°T(S)[3( I+cos20)+AfB(s)cosO],  (1) 
where 0 is the production angle of  the fermion fwi th  
respect o the incident electron line of flight and the 
forward-backward asymmetry is defined as 
f f 
aF- -aB (2) ArEB(s)- arE +a~ ' 
where are and afa are the fermion cross-sections in the 
forward and backward hemispheres, respectively. At 
the Z ° resonance the forward-backward asymmetry 
is a direct measurement of  parity-violating cou- 
plings. At tree level, apart from the photon channel 
terms suppressed by (Fz/Mz) 2, AFB is given by 
2 2 e 2 2 f 
af fM2,  t 3{ge- -gR~(gL- -gR~ (3) 
Fat ZJ ~ ~ --2--5--q--,--,--,--,-~---2 ~gL "t"gR.] ~gL "[-gR/] 
3 2Veae 2vfaf 
_ 4v2 +a2 v2 +a 2. (4) 
gL and gR are the left- and right-handed couplings of  
the fermions to the Z ° and vfand arare the vector and 
axial-vector couplings of the fermions, 
vf=If-2Qfsin2Ow, af=I  f ,  (5) 
where Qf and I f denote the charge and weak isospin 
of the fermions. The indices e and f refer to the initial 
electron and final fermion, respectively. The u and d 
quark coupling constants have been measured in 
neutr ino-nucleon scattering experiments [ 1 ]. 
Asymmetry measurements have been reported by 
LEP experiments for the leptonic decays of  the Z °, 
which yielded new determinations of the electroweak 
mixing angle sin20w [2]. Measuring this asymmetry 
in the quark final states is also a crucial test of  the 
theory, but is experimentally more difficult, since se- 
lecting pure samples of a given flavour requires pe- 
cific tagging methods, which usually suffer from low 
efficiency. The currently available measurements, 
performed for c and b quarks, are still restricted by 
the l imited statistics [ 3 ]. 
On the other hand the small remaining charge 
asymmetry averaged over all quark flavours, 
1 
AFB-  F.~d 
× (FuA~B -FoA~B +F¢A}B ~ b -FsAFs --FbAFB) , 
(6) 
can be measured without flavour tagging. The differ- 
ent signs in this sum for + 2 and - ~ charged quarks 
appear because xperimentally only the charge in the 
two hemispheres i  measured and not the flavour of 
the quarks so that u and c quarks enter with a positive 
sign while d, s and b quarks get negative signs. Fr is 
the Z ° partial decay width into quark f, 
G~m3z (v~ +a~) , (7) rf= 
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and/"had is the total hadronic width. On resonance 
(x/~ = Mz ), neglecting mass effects, the charge asym- 
metry can thus be expressed as 
3G~,m 3 V~ae (2Vua.--3Vdad) (8) 
AFB = 8x/~ nF.aa v2 +a2 
and is of the order -5%.  However, the charge of the 
initial quarks is not directly accessible and the charge 
of the final hadron jets has to be evaluated. Tech- 
niques for this have already been used at lower ener- 
gies [4-8 ] and recently with LEP data [9 ]. 
2.  Detector  descr ip t ion  
......... ;~ Sphericity '-. / 
........... / ..... Ax s ............ Forward / / .................. 
Backward ............... I I . . , 'Z/_ 
Hemisphere ................ ~ \  Os,, 






Fig. 1. Definition of the forward and backward hemispheres for
hadrons. 
A detailed description of the DELPHI apparatus 
can be found in ref. [ 10 ]. Only tracking detectors for 
charged particles are relevant for the present analy- 
sis: the inner detector ( ID), the time projection 
chamber (TPC), the outer detector (OD) and the 
forward chambers A and B (FCA, FCB). 
The trigger for hadronic events was based on com- 
binations of tracking detectors offering redundancy, 
scintillator hodoscopes and calorimeters. The trigger 
efficiency was found to be higher than 99.9% during 
most of the data taking period. 
3. Selection of events  
Only charged particles were used for this analysis 
and were retained if they satisfied the following selec- 
tion criteria: 
- momentum p between 0.4 and 50 GeV/c; 
- track length above 50 cm; 
- projection of impact parameter below 5 cm in the 
plane transverse to the beam direction; 
- distance to the measured vertex along the beam di- 
rection below 4 cm. 
The cut values were chosen so as to allow a reliable 
measurement of the multiplicity and momentum of 
the selected charged particles. 
Using these charged particles, the sphericity was 
computed and its axis was defined as the event axis. 
As shown in fig. 1 the sphericity axis was oriented in 
the same direction as the incoming electron beam, 
with a polar angle 0. Each event was then divided into 
two hemispheres on both sides of the plane trans- 
verse to the sphericity axis and passing through the 
measured vertex. A charged track was assigned to the 
forward and backward hemisphere if the component 
of its momentum along the sphericity axis was re- 
spectively positive or negative. 
Hadronic events were then accepted by requiring 
- no charged track with momentum larger than 50 
GeV/c; 
- a charged multiplicity larger than or equal to 5: 
- a total momentum ~ IPli larger than 15 GeV/c; 
- a total momentum larger than 3 GeV/c in each 
hemisphere; 
- a missing momentum I Y~Pil less than 30 GeV/c; 
- a sphericity axis within I cos 01 < 0.9. 
These selections insured good agreement between 
data and Monte Carlo simulations. The selection ef- 
ficiency was found to be around 75% without signif- 
icant dependence on the quark flavour. A total of 
247 300 hadronic events were retained from 1990 and 
1991 data taking period. 
4.  Monte  Car lo  s imu la t ion  
A detailed Monte Carlo simulation of the detector 
was necessary in order to check that the measured 
hadronic harge asymmetry was not biased by detec- 
tor or reconstruction effects. 
Higher order QED radiative corrections were taken 
into account by using the electron and positron struc- 
ture functions from the DYMU3 program [11 ]. The 
fragmentation of the final states was based on the 
375 
Volume 277, number 3 PHYSICS LETTERS B 5 March 1992 
JETSET 7.2 parton shower Monte Carlo [ 12 ] using 
the parameters a given in ref. [ 13 ]. 
The simulation of the detector included secondary 
interactions, the collection of electronic signals and 
their digitization. The total number of generated qCl 
events was 150 000. The same analysis was applied 
to both the simulated and the real events. 
5. Methods 
The basic idea of measuring quark-asymmetries by 
a momentum-weighted charge sum is to make use of 
the statistical correlation between quark charge and 
jet charge. In each hemisphere defined by the unit 
sphericity vector es the jet charge was obtained from 
ZiqiP~ 
QF(B)= Eip,~ , p i 'es>O~i 'es<O) .  (9) 
The sum runs over all selected charged particles, with 
measured electric harge q~ and momentum p~, inside 
this hemisphere (fig. 1 ). The exponent x is varied to 
give the particles optimal weights in the sum in order 
to take advantage from the leading particle effect; 
which is that the most energetic hadron is most prob- 
ably formed from the original quark. The total error 
of sin20w was found to be minimal for a value of x 
around 1 as will be discussed later. From the jet 
charges the charge flow QFB and the total charge QTOT 
were obtained: 
QFB = QF -- Qa, QTOT = Qv + Qa. ( 1 O) 
These two distributions are well described by the 
Monte Carlo simulation as shown in fig. 2. 
In order to extract sin20w from these observables 
two different methods were used. The first one is 
based on the fact that the mean value of the charge 
flow for each flavour depends upon Afn(sinZ0w). 
Denoting the number of events with a quark f pro- 
duced in the forward hemisphere by N f with a charge 
flow <Q~F > and the number of complementary 
events by NfB with a charge flow < Q~ >, the mean 
charge flow 
< QfB > : NfF < Q~ > +Nf  < Q~aB > 
Nf  +N f (11) 
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Fig. 2. Distributions (a) of the total charge Qxox and (b) of the 
charge flow Qva: comparison between data points (circles) and 
Monte Carlo simulation (full line ) for an exponent x = 1.0. 
6f -<Q~V >, 6fa = < Q~ > (12) 
is at parton level 6r=2Qf with Qt being the quark 
charge while at hadron level 6r< 2Qr (fig. 3). The only 
reason to expect a difference between 6f and -O  f 
are asymmetries in the detector. All effects that are 
included in the full detector Monte Carlo simulation 
lead to charge separations ~1 in forward and back- 
ward hemisphere that agree within the statistical er- 
ror (table 1 ). Therefore in the following OfF = --O f is 
used, leading to 
<QfB ) =6fA~n • (13) 
Experimentally only an averaged charge asymme- 
try is measured. This is the sum over the different 
flavours weighted by the relative production rates 
L <a~. > =Cacc f__2 6fA~n , (14) 
~ One would expect naively 6u=6 ¢, 6d=6s=6b and 6u/~a= +]/ 
-- { = - 2. But due to the difference in the fragmentation a d 
decay of the various flavoured hadrons this is not fulfilled. 
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Fig. 3. Charge flow QFB and charge separations &~ and &rB for u 
quarks after the full detector Monte Carlo simulation for x= 1. 
Table 1 
The charge separation Of, 5 f and the efficiencies e f, e~ from the 
full detector Monte Carlo simulation using x= 1. The statistical 
errors are _+ 0.01. 
Flavour &~ J~ e~ eg 
d -0.19 +0.21 0.63 0.63 
u +0.32 -0.30 0.72 0.71 
s -0.28 +0.24 0.69 0.66 
c +0.15 -0.13 0.61 0.59 
b -0.25 +0.24 0.67 0.66 
with the theoretical acceptance 
4 cOS0max 
Cacc - 3 + coS20max (15)  
which is in this analysis Cacc= 95% for cos 0max =0.9. 
Inserting eqs. (4) and (7) this can be written near 
the Z ° resonance as 
C 3G~m3z v~a~ ~ Ofvfaf. (16) 
(QrB)= a~¢ - -  +a  2 
8N//2 ~/~had v2 f=l  
The measured charge asymmetry (Qvn)  is trans- 
lated into sin20~ by solving eq. (16).  The basic prin- 
ciple of  the method is similar to an analysis presented 
recently by the ALEPH col laboration [ 9 ]. 
In a second approach the flight direction of  the 
positive quark is estimated on an event by event ba- 
sis. This is done by using the sign of the charge flow 
in the event from which a raw forward-backward 
asymmetry A ~w is calculated: 
f f Nv --NB 
A~a~w(J)- N~ + NV , (17) 
NF (B) being the number of events with QFB > 0 ( < 0 ). 
A ~ is related to A fvn by 
raw __ f Ava (f) -- Cacc(2e - 1 )ArEa. (18) 
In this method the theoretical acceptance Cacc is the 
same as above (eq. (15)) .  The efficiency E r of  tag- 
ging the correct positive quark hemisphere, using QvB, 
2 2 
g f= f OQ~ F / f dQ~ -F (19)  
o -2  
is taken from the Monte Carlo simulation and is given 
for the different flavours in forward and backward 
hemisphere in the second part of table 1. As for the 
0 f the efficiencies in the two hemispheres agree within 
the statistical error and in the following e l  =erB is 
used. 
Analogously to eq. (16) the value obtained for 
A ~w is related to the coupling constants vf and af by 
3G, m 3 
~] (2e f -  1)vfar. 
Veae 
A~ ' =Cac~ 8 .~ ~r..~ v~ +a~ f=, 
(20) 
Neither method can directly determine AFB since 
the O f and e f are different for the various quark 
flavours. 
6. Experimental results 
Table 2 shows the charge asymmetry and the raw 
forward-backward asymmetry values obtained by the 
above methods for different choices of  the weighting 
parameter x. These results are averaged over a range 
in centre of mass energy between 89 and 94 GeV. This 
is allowed since (QFn)  varies almost l inearly with 
the energy near the Z ° resonance, so the average value 
will yield (QFB) at the Z ° resonance i f the number of  
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Table 2 
Experimental results for the charge asymmetry ((QFB)), for the raw forward-backward symmetry (A~) and the obtained values of 
sin20eff. 
r (Q~)  sin20e~ A ~w sin 20~fr 
0.5 -- 0.0051 + 0.0009 0.2332 + 0.0034 -- 0.0105 + 0.0020 0.2351 + 0.0032 
1.0 - -0.0076+0.0012 0.2340+0.0029 --0.0109+_0.0020 0.2351 +0.0030 
1.5 -- 0.0096 + 0.0016 0.2340 +- 0.0028 - 0.0099 + 0.0020 0.2362 + 0.0029 
events on the two sides of the resonance are similar, 
which is true in our case. 
The calculation of Arra from sin20w follows the for- 
mulae given by Djouadi et al. [ 14], where sin20~tr is
defined as 
3x/~ G,m 2 
sin20~ff =sin20w + 16re 2 c°S20w 
+ ~-~Lm~lV.3~eeV/c2 +1 -2  (21) 
with sin20w = 1 2 2 -mw/mz.  Additional electroweak 
corrections for the Z°-blo vertex were applied [ 14 ]: 
2 3x/~ Gum 2 
ab--,ab+ 3 16re 2 ' 
Ub---~Vb "~- 2 3w/2 G~,m 2
3 16n 2 (22) 
Including QCD and QED corrections [14] in this 
improved Born approximation for AfB excellent 
agreement was found between the forward-back- 
ward asymmetry, as a function of mr, obtained from 
the program ZFITTER [ 15 ] and the analytical cal- 
culations from ref. [ 14 ]. An additional correction was 
applied to the b quark asymmetry taking BI3 mixing 
into account using a full detector Monte Carlo simu- 
lation. A value of)?=0.132+0.026 [16] reduces c~ b 
by (21.8+ 5.3)% and ebby (3.8+3.3)%. 
The values for sin20~fr given in table 2 were ob- 
tained including all the corrections to the Born level 
mentioned above using the following parameters: 
mz=91.18  GeV/c  2, mr= 130 GeV/c  2 , 
mH = 300 GeV/c 2 , 
or(mE) = 1/127.6, as=0.120,  
G~= 1.16637X 10 -5 GeV/c 2 , (23) 
and the charge separations 6rr and the efficiencies err 
as given in table 1. 
The weak dependence of sinZ0efr on the choice of 
the weighting parameter x in table 2 will be included 
in the systematic error. Note that the statistical errors 
given in table 2 are nearly 100% correlated. 
6.1. Experimental systematic error 
The systematic error for detector imperfections in- 
fluences both the measured values of (QFB) (A ~a~ ) 
and the efficiencies jr  (ef) determined from the 
Monte Carlo simulation. To give a consistent picture 
a systematic error on (QFB) (A ~w) is calculated 
from the observed variation of sin 20err. 
Both methods rely on the fact that the Monte Carlo 
simulation describes the charge flow correctly. For 
gaussian distributions like QFa and Qxox (fig. 2) the 
width and the mean value are statistically indepen- 
dent. The measurement of the widths, which is inde- 
pendent Of AFB, is therefore a good test for the Monte 
Carlo simulation. In fig. 4 the good agreement be- 
tween experimental data and Monte Carlo simula- 
tion is shown for a~ and a~oT together with the 
values obtained for (QTOT) for different choices of 
the weighting parameter x.
The deviation from zero of (QToT) in data and 
Monte Carlo can be understood from secondary in- 
teractions in the detector. The larger nuclear cross- 
section for ~-p scattering than for ~+p scattering at 
small Q2 leads to an excess of low momenta positive 
tracks. With the increase of the weighting parameter 
x the high momentum particles get more and more 
weight in the calculation of the jet charges Qv and QB 
and the observed values for (QTox) get closer to 0. 
If these interactions are as well asymmetric in the two 
z-hemispheres, they lead to systematic errors in the 
measurement of sinZ0efr. To study this a momentum 
cut of p>_- 2.5 GeV/c was applied since most particles 
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Fig. 4. Comparison between data points (circles) and Monte 
Carlo simulation (full line ) for (a) the width of the total charge, 
(b) the width of the charge flow and (c) the mean value of the 
total charge, for different exponents r.
from these processes are slow (table 3). Furthermore 
the complete analysis was repeated using only posi- 
tive (negative) tracks and the observed variation of  
sin20~ff was included in the systematic error (table 3 ). 
Other sources of systematic uncertainties are the 
assignment ofunphysical ly high momenta to charged 
particles, mainly as a result of  reconstruction ambi- 
guities due to overlapping tracks. These effects were 
studied by using only particles with momentum be- 
low 25 GeV/c  (table 3). 
The choice of  the weighting parameter x should 
have no influence on the obtained value for sin20~ff. 
For both methods the statistical and systematical er- 
ror were found to be minimal for x around 1. The 
variation of  sin 20elf with x between 0.5 and 1.5 is given 
in table 3. sin20eff was found to be stable for xgreater  
than 1.5. 
Finally the l imited Monte Carlo statistics leads to 
a systematic error on sin20eff of  0.3% which corre- 
sponds to an systematic error on (QFB) of  3% and 
onA~ of 3.6%. 
The total systematic error is determined to be 
+6-90/0 -4.9 on the charge asymmetry and +6.5 % -~2.2  on the 
raw forward-backward asymmetry. Since all the sys- 
tematic uncertainties given in table 3 are small com- 
pared to the statistical error it is not useful to give an 
asymmetric error at that level of  accuracy. Therefore 
the total systematic error from the experiment is es- 
t imated to be + 6% on the charge asymmetry and 
+ 9% on the raw forward-backward asymmetry. 
6.2. Systematic error." fragmentation 
The determinat ion of the fermion charge has other 
systematic uncertainties in addit ion to those arising 
from the detector. Since after hadronisation the quark 
charge is no longer directly accessible, it is statisti- 
cally reconstructed from the momentum-weighted 
charged hadron spectrum. This spectrum is model led 
by string fragmentation and depends on the choice of 
the parameters in the Monte Carlo simulation. 
The impact on the charge asymmetry (QFB) and 
the raw asymmetry A ~'~ from the variation of  differ- 
ent parameters in the JETSET 7.2 parton shower 
Monte Carlo has been studied as can be seen from 
table 4. For  the parameters which lead to the largest 
contribution to the systematic error on (QFB) and 
A ~ the variations in the charge separation t~ f and 
Table 3 
Systematic error of (Q~8) and A ~ff' from the experiment. 
Method to obtain Charge asymmetry Raw asymmetry 
systematic uncertainty A ( QFB ) / ( QFB ) (%) AA ~a" / A ~ (%) 
cut: p~> 2.5 GeV/c + 3.7 - 3.6 
cut: P~x ~< 25 GeV/c - 3.7 - 3.6 
using only positive or negative tracks + 4.9 -9.0 
variation ofx (0.5-1.5) + 1.0 + 5.4 
limited Monte Carlo statistics + 3.0 + 3.6 
total systematic error +6.9 +6.5 --4.9 --12.2 
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Table 4 
Relative systematic error of the charge asymmetry (QFB) and of the raw asymmetry A ~ calculated from the O frespectively gf resulting 
from different Monte Carlo parameter sets. 
Parameter Range A(QFB) / (Qv~) (%) AA~/A~ (%) 
s/u 0.27-0.36 5.3 4.2 
0er 340-410 1.0 1.5 
Lund A 0.125-0.325 2.8 0.3 
Lund B 0.2-0.4 1.6 1.8 
~b (3-10) × 10 -a 2.2 1.7 
~c (2-71) × 10 -3 3.7 2.1 
AQCD 260-400 3.3 1.6 
[V/(V+PS) ] (n, d) 0.34-0.54 1.1 1.3 
[V/(V+PS) ] (s) 0.5-0.75 2.0 2.1 
[V/(V+PS) ] (c, b) 0.66-0.8 2.4 3.0 
Mstop 1.0-2.0 0.3 0.6 
)~ 0.11-0.16 4.2 7.5 
PS-ME string frag. - 6.2 5.2 
PS-ME ind. frag. - 13.6 10.0 
total error 18.0 15.2 
the tagging efficiency e f are given in table 5 for each 
flavour separately. The effect on (QFB) (A~aa v ) was 
computed from eq. (16) ( (20) )  with an asymmetry 
taken from the Born approximation for sin20w = 0.23. 
The DELPHI  Monte Carlo using hybrid fragmen- 
tation differs slightly from the tuning in ref. [ 13 ]: 
Lund A/B=0.225/03, ec/eb=0.025/0.005, am= 
410 MeV. The variations in the given ranges are mo- 
tivated by the following considerations: 
- Ratio of s quarks tunnelling into the string to u 
quarks (s/u) .  Here a recent measurement of  the 
TPC/2y  Collaboration [ 17 ] is referred to. 
- trt~: the interval covers the full range of measured 
values from various experiments [ 13,18,19 ]. 
- Parameters A and B of the Lund symmetric frag- 
mentation function. These two parameters were var- 
ied in the ranges compatible with DELPHI  data. 
- Parameters ec and Eb of the Peterson fragmentation 
function. In order to estimate this effect, the (rather 
large) range from ALEPH [ 9 ] is taken. 
- AQcD: the variation covers the region between the 
TASSO [ 13 ] and MARK II [ 18 ] tunings. 
- Ratio of  vector-mesons to all mesons [V/  
(V + PS) ]: this has been varied around the defaults 
taking into account heoretical limits as well as the 
precision of a CELLO-measurement [20 ] for strange 
mesons. No large effect on rapidity fitting (although 
one might expect his since it affects multiplicity) was 
found. 
- Mstop: the lower limit of  the gluon-branching cutoff 
in the parton cascade is taken to be safely away from 
the breakdown of perturbation theory due to small 
momentum transfer. The upper limit comes from 
comparison with DELPHI  rapidity and aplanarity 
distributions. 
- BB-mixing: A range corresponding tothe measured 
value of  ;~= 0.132 + 0.026 [ 16 ], a weighted mixture 
of  the Bo and Bs mixing parameters, was used to ob- 
tain the variation of ( QFB ) (A ~ ). 
In addition, Monte Carlo events from the second 
order matrix element calculation (JETSET 7.2 ME) 
using string-fragmentation a d independent-frag- 
mentation models based on the tuning in ref. [21 ] 
were studied and deviations from patton shower data 
are regarded as additional systematic errors. The re- 
sult of  this comparison can be found in the last two 
rows of table 4 indicated by "PS-ME string frag." and 
"PS-ME ind. frag." respectively. 
The total systematic error from the fragmentation 
on (QFB> and A[:a~ is the quadratic sum of the 
contributions: 
A(QFB) = 18.0%,  A A ~  _ 15 .2%.  (24)  
( QFB ) Arv~ ' 
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Table 5 
Relative systematic error of the charge separations O f and the tagging efficiency e f specified for each flavour and total contribution to
(QFa) andA~ '. 
Parameter 
S/U ~c AQCD PS-ME string frag. PS-ME ind. frag. 
Range 0.27-0.36 (2-71)X 10 -3 260-400 
~ (%) 3.0_+0.8 1.0+0.7 3.7_+ 1.1 4,2_+0.7 7.4+0.7 
AC d 
e-- 7- (%) 2.0_+ 1.5 1.0_+ 1.7 1.2_+ 1.7 4.5_+ 1.4 2.4_+ 1.4 
A0 u 6-%-- (%) 1.1 _+0.5 0.7_+0.5 3.1 _+0.8 5.3_+0.4 16.1 _+0.6 
Ae u 
e--- ~- (%) 1.1 _+ 1.3 0.5-+ 1.3 0.5_+ 1.2 5.9_+ 1.0 21.1 -+ 1.3 
~-~f (%) 2.3_+0.6 0.9-+0.6 6.0+0.9 4.1 _+0.5 4.6_+0.6 
At s 
e--- 7 (%) 1.3_+ 1.4 0.8-+ 1.2 1.6_+ 1.4 3.4_+ 1.2 1.4_+ 1.2 
~.~c (%) 4.2_+ 1.2 16.8_+ 1.2 2.7-+ 1.6 4.8_+0.9 31.7_+ 1.5 
At c 
e~- (%) 4.0_+2.1 9.7-+2,1 0.8_+2.9 4.1 _+2.4 35.9-+3.0 
A0 b 
O---g- (%) 2.2_+0.6 0.8_+0.7 0.8_+0.7 2.9_+0.4 0.4_+0.5 
Ae b 
--~ (%) 2.2_+ 1.3 0.9_+ 1.1 0.8_+ 1.2 2.6_+ 1.0 1.0_+ 1.1 
A(QFa~) (%) 5.3_+0.7 3.7_+0,7 3.3_+ 1.0 6.2-+0.6 13.6-+0.5 
(Qw)  
aA~ w 
A~ (%) 4.2_+1.6 2.1_+1.6 1.5_+1.5 5.2_+1.2 10.0_+ 1.1 
7. Summary and conclusion 
Using two different approaches to obtain sin20e~ a 
signif icant charge asymmetry of  
( QvB ) - 0.0076 + 0.0012 (stat.) 
_+ 0.0005 (exp. syst. ) + 0.0014 (frag.) (25) 
and a raw forward-backward asymmetry of  
A raw + F~ = - -0 .0109_  0,0020(stat . )  
_+ 0.0010(exp. syst.) + 0,0017(frag.)  (26)  
were found. F rom these two measurements  sin20eff 
was calculated to be sin20eff= 0.2340_+ 0.0029 (stat.) 
_+ 0.0009 (exp. syst. ) _+ 0.0028 (frag.) from the charge 
asymmetry and s in2Gfr=0.2351_+0.0030(stat . )_  
0.0016 (exp. syst. ) _+ 0.0027 (frag.) from the raw for- 
ward-backward asymmetry,  following the formulae 
given by Djouadi  et al. [ 14]. Both results agree well 
within the experimental  systematic error. The mean 
value of  
sin20eff 
= 0.2345 _+ 0.0030 (exp.) _+ 0.0027 ( f rag.) ,  (27)  
which is in the MS scheme 
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sin20~g 
=0.2341 + 0.0030(exp.)  +0.0027 ( f rag. ) ,  (28)  
corresponds to a value of  sina0w, def ined by 
sin20w = 1 2 2 -mw/mz, of  
sin~0w = 0.2299 + 0.0030 (exp.) 
+ 0.0027 (f lag.) _+ 0.0028 ( theor . ) ,  (29)  
using mr= 130 GeV/c  2 and m,  = 300 GeV/c  2. The 
exper imental  error is the quadrat ic  sum of the statis- 
tical and the exper imental  systematic error. The the- 
oretical error originates from the uncerta inty of 
mt=130+40 GeV/c  2 (A sin2Ow=___0.0026) and 
from the range of mH=45--1000 GeV/c  2 (A sin20w 
= + 0.0009).  
These results are in good agreement with a pre- 
vious measurement  [ 9]. The error is still dominated  
by the exper imental  statistics. Further  data taking at 
LEP will therefore lead to a better measurement  of
sin20effby the methods out l ined in this letter. 
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